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CHAPTER 29 



Regulation of transcription 



X\te ph*^nDl>-pir dilTcfences \Um <ii5\mgui5h Ihe 
vaHous kimls oF <f Us in o higher <rut;arywte are 
Inr^ely due lo" (lilTertrnctfs in ihe expression of* 
^enes tbni code for proteins, dinl la. tho.se tran- 
5fr{h^d by RNA polymerase II. In principle, tlie 
(xpressioii or (heise ^ene5 ntigrhl he rf^utaled at 
any one of sfvei-al .singes. Tlie concept of the 
-itxd of conbroP iinpSie5 thnt gene expression 
' is riol necessarily an aiicoinaiic process once it 
tias bc^n. Il could lie re£:iilated in a gene- 
specific u*ar al any one nf .several sequential 
jleps- \Ve can dlsttn^tiisli <ni teaM) lli-e poteii- 
lidl coiurol polols. fnnnnt^ Hie smes: 

Anivatimi of jrenr Mniruuv 
i 

InitUlum of tj'aiismpiinn 
i 

piucesstng llic iriin.<4>ripj 
i 

ti9n.^port. to cvtophism 
i 

TranMalion of ttiHNA 

lite exl.slenre af Ihr firsi ^lc|i is iniplird by 
ili^ fliscoi'er>' Ihiil ^enes tnny exist in eilher of 
nv(i slnicUirftl conditions. Ilelnitvr Co ihe Stale 
of most Ql the genome, genes are round tti 
ni» •aciive* mxv m the cells in which they 
are expressed (see Chapter T.h Tlie citange of 
strutiure i$ distinct fhnit the ad «r transcrip. 
li'OD, and indicates (hat ihe gene is Iranscrib- 
able.** This suggests thai acquisition of the 
"active" structure musi be ibe first step in gene 
expression. 

Tmnscrfption of a gene In the active stale is 



controlled aJ ihr siage of inituiiion. thai Is. by 
the inievactiou of RNA polymerase uiih its pai- 
moier. This is now becoming 5uscepiil)le to 
analysis In the /// ri/m s\^te.ins (.see Chapter 
2ii}. For most genes, this is a nia|nr conti*f>l 
point: probably it is the most C4iniiiion level of 
regulation. 

There is at present wo e\idence for control 
at $ubse(|uent stages of transcription in eukary- 
otic cells* for example., via anliterniinalion 
mechantsms. 

The priniai-y transcript Is nid^liried by capping 
al the 5' end. and usually also by potyadenyla- 
lion at the 3' end. imrons must i)e spliced out 
froiu ilie ivansvrlpis of iiuerriipted genes. The 
mature R.N'A must hr eNprtrted fitMn the nucleus 
lo Ilie cytopl.iMu. Reiuilaii<in of gene e\*prcssion 
by selection of sequences nl the Irvef of nuclear 
RNA nughi hi%iilve any ur all of these slaves, 
but the une for whidi ive have most evidence 
concenu change.^ I» splicing: $oine genes ar^ 
expressed by memts of ultentaiive splicing: pat- 
terns whose reguhUion contrals Ihe type of pro- 
lehi protlurt <5ee Chapter .10). 

Finally. Ihe ironslailoii of an mRNA In the c>io- 
plasm can be specincally controlled. Tltere is little 
evidence for Ihe etnployineiK of Hits mechanism in 
adull sumaHc cells. bu| it tines occur in some 
enibrA-uiiic siluHiions« as desctilied iii Cl^npier ?. 
-The mechanism Is presuti^ed lo involve the block- 
ing Of inlllAilon of translaitoii of some mKNAs by 
specific protein factors. 

But having acknowledged that cofitrot of gene 
expression can occur ai multiple siages, and 
that production of BNA cannot inevitably be 
equated v%1th production of protein, it Is dear 
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that Iht ovenvhelming majority of regulatory 
. events occur al Ihe initiation of transcrijition. 
Regulation uf llssuc-specinc gene transcription 
lies at the heart of cukar>olic differentiation; 
Indeed, we see examples in Chapter 38 in 
which proteins llial regulate eml>n'onic devel- 
opment prove lo be trartscription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of ta/gci 
§enes, and we seek lo answer two questions 
about this mode of regulation: what idemiries 
Ihe common target genes to the transcription 
racior; and hov\- is the activity of the Irnnscrfp 
lion fa dor itself regulated in response to inirin. 
sic or extrinsic signals? 



Response elements idcnlily genes under common 
regulation 



The principle that emerges from dianfclerizlng 
groups of genes under common tzonirol is that 
tho' share a ptvrnoicr tlmaii that is recagnizid 
o rtgittmry iransaiption factor \x\ element 
that causes A gene to* respond to such a factor 
is called a response element; examples are the 
HSE (heat shocl; response element), GHE 
(glucocorticoid response element), SRE (scruin 
response etemenl}. 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29,1. Kesponse elements 
have the same general characterisifcs as 
upstream elements of promoters or enlianceis. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes arc closely related, but not neces- 
sarily identical. The region bound by the factor 
exiends for- a short distance on either side of 



Table 29.1 lntfjcii:!e transcnpi.on /aciorsbindic 
response elunienls thai Wuol.'y groups cr pomclers 
or cihancsrs SLfcjsct jo coc;din<i:D cor.tfcl. 



ReoUlatoiyAoeni Module Consensus Fador 

Hm»*»2^ iJS CWNGAANKTCCNNQ HS7F 

Gk«OCorite0U GRE TGQTACAAATGTTCT fieGeolor 

PhortxHester T«E TGACTCA aPi 

SRE CCATATTAGC SItF 



the consensus sequence, tn promoicrs, the clr 
ments are not present at fixed distances from 
the siartpoint, but are usually <200 bp upstream 
of It, The presence of a single element usuaUy 
is sutriclem to confer the regulatory respons<r. 
but sometimes there are muUlple copies. 

Aesponse elements may be located in 
molers or in enhancers. Some ^es of elements 
are topically found in one rather than the othrr. 
usually an H5G is found in a promoter, whit^ ^ 
CB£ is found In an enhancer. We assume ih** 
all response elements function by the s*"*^ 
general principle. A gene is re^uiatuf ^/ 
sequence at the promoler or enhance thai 
recognized by a specific protein. The P'^^^* 
Junctions as a iransaipdon factor needed 
RNA polymerase to initiate/ Active protein 
avaiiat^e onfy under conditions ivhen the ^ ^ 
to be expressed; its absence means thai the 
moter is not activated by this particular 

An example of a situation in which «'*"'^*^ 
genes are controlled by a single factor Is 
\1ded by the heat shock response. This 
mon to a tvide range of prokaryotes 



eukar\'oles and involves multiple control* 
gene expression: an increase in temptf^^^jj 
turns off transcription of some genes, tunis 
transcription of the heat shock 6«"^U^j<c 
causes changes in the translation of 
The control of the heal shock genes 
the differences between prokaiyotif 
eukaryotic modes of coniroL In. bacteria, * j 
Sigma factor is synthesized that directs 
polymerase holoenzyme to recognize ' 



